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ABSTRACT

and
in a

Advanced concepts in materials control
accounting include d. stributed databases
distributed processing environment and on-line
instrumentaticr.. To test various ideas in this
area, we developed a testbed consisting of three
personal computers (PCs} with several input de-
vices and suitable software. The principal design
aspects beina teeted irnclude database structure,
communication between various network nodes, data-
base update on the host, spead of transaction
processing, data input from on-line instrumenta-
tion, and a user-friendly interface with the oper-
ator. An IBM PC/XT at the local laevel is used to
collect data using a barcode reader and balance
in a mockup glove box. These rapresent typical
examples o” simple on-line instrumentation in
nuclear material facilities. Manual input to the
PC/XT 1s through a keyboard, a mouse, and & voice
microphone. Thas T/, XT communicates with a host
PC/AT that serves to post transactions for a
process area or wing of ¢ facility. A second
PC/AT repraesents the central computer that col-
lects data from several distributed nodes and
maintains the central database for analysis and
report generation. Custom softwace is called
PC/DYMAC, a materials accounting package developed
by Robert Besrse in cooperation with Argonne
Nutional Laboratory-West under the direction and
funding of the Los Alamos Sufeguards rasearch and
development program It was developad using
aBaselll PLUS but was compiled with FoxBASE+ under
the Santa Cruz Operations XENIX operating system.

INTROODUCTION

The traditional materials control and account-
ing (MC&A) systems have been designed around a
single prucessor, with nany lines to individual
{nput terminals. This design arose naturally from
the high cost of processors in years past and from
the need to concentrate and cuntrol sensitive data
in one area for accountability purposos
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In addressing the issues of advanced concepts,
we have reexamined these ideas in light of current
technology.!:2  The advantages of the centralized
system are still the concentration and control of
sensitive data in one area and perhaps simplifiaed
maintenance. If instead one chooses a computer
designed for nonstop computing, then reliability
is greatly improved. One such computer is made
by Tandem Computers, Inc. An altaernative design
that is gaining favor is a distributed system with
a number of nodes that distribute the processing
responsibilities.

It is this latter model that we have selected
to pursue. Theoretical studies have developed a
methodology for designing a network based on data-
base design theory.3 The principal advantages
of such a system are
. improved responsa,
. reduced traffic on the communication
linaes,
. autonomous operation if central computer
is inoperative,
reduced cost of processors, and
opan-ended architecture.

System response is improved because an oper-
ator at a terminal does not have to share comput
ing resources. Many of the housekeeping tasks that
otherwise would use central procassor time can be
off-loaded to the node. (Examples of suLh tasks
nre the painting of screens, validation of users,
and ranga checking of entered data) [F thosa
tasks are performed at the node from memory red)-
dant code, then system raesponse is almost i1nstan
taneous Rapid response at this momen. 1s qgood
ergonomic design. In addition, 1t s mure ett)
cient to use less expensive processing power for
mundane housekeeping tasks. This network 1+ also
not limited by a narrow bandwidth on the commur
cation channal

Seri1al communication lines have bewn
ditional bottleneck Recent advances 1n technoi
gy have improved the speed of multiploxing
transmission, but the overhead invalved 'n admin
isLtering many terminal liner 13 still quite wipoen
sive One of the standard approaches to 1olving
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the traffic problem is the use of intelligent data
concentrators, which off-load the burden of multi-
plexing from the central processor. Effectively,
that is the approach we have taken. However, con-
siderable care must be exercised to avoid creating
excessive traffic from redundant data.

If the majority of mate 'ial transactions
occurs within the area administered by the node
machine rather than into and out of it, those
transactions can be processed locally using local
inventory information. This method provides a
certain amount of autonomy in the event that the
central machine goaes down. Failure of the central
machine would 1nhibit .ransfers of material be-
tween nodes but would not inhibit the processing
of local transactions.

The computing power of the rersonal computers
(PCs) and workstations has increased at a phenom—
enal rate. The tremendous growth and competitive
production have lowered prices to the point that
distributed computation is very cost effectiva.
Those systems that can be built in a distributed
fashion can make good usa of a very advantageous
pricing structure.

A distributed system can be designed in an
open—ended fashion. As more nodes are needed,
they can easily be added to the network. As the
amount of data increases in size, more disk space
can be added. A central system is often limited
in the maximum number of lines that may be accom—
modated by the multiplexer. B8y using data concen-
trators, we can limit the total number of lines
going into the central computer to a modest
number .

DESIGN ELEMENTS 10 BE TESTED

The very brief description given above of a
distributed sys.em suggests a number of design
elements that differ markedly from those of a
traditional system and that need to be tested
thoroughly . There are also some features that
are totally unavailable on a centralized system.
A list of the design elements that we anticipate
studying follows.

Databsse structure

Communication between nodes

Database updating on central computer
Speed of transaction processing

Data 1nput from on-line instrumentation
User friendly i1nterface

The database structure will depend upon a
wmber of factors i1ncluding the degree of distri-
ution and the nature of the software system
lommercial database management system (DOMS) pack-
\ges are avatlable, or customized database 3y3-
ems can be developed with high-level languages
wch as "C " 1f a commercial package (s chosen,
ts strengths and weaknesses must be taken {(nto
iccount in the system design for optimization

Communication between nades is a very involved
function The design 1s deperdent ugon the appl1 -
cation package, the operating system(s), and the
communications program itself For an autcmatic
system to operate correctly., there must be ade-
quate 1nterprocess communication For multipie
access to shared tables by concurrent processes,
it 13 necessary tu have adequate locking of the
records or files with safeguards in the event of
collision. Multiuser 0BMSs have appeared on the
scene fairly recently, so this 13 a relatively
uncharted area.

Database updating on the central computer 13
a ticklish guestion. If there are several coples
of the official tables, concurrency problems may
occur If there 13 only one copy, then the auton-
omous facility is lost. There is the question of
how to hendle the posting of transactions The
main program itself could dn it, but only at the
exoense of delays for the operator. A background
process could do it, but only at the risk of not
having current inventory information available to
the main process.

Speed of transaction processing is important
mainly from the standpoint of raw computing power.
Posting of transactions is the most time-consuming
operation and largely detarmines thre throughput
capacity of the system. Proper design can have a
very sirong influence on this speed and must take
into considaration the foibies of the vendor's
package. Improper design can e&sily decrcase the
speed by one or two orders of magnitude

Data input from on-line instrumentation would
greatly improve the quality of data by avoiding
transcription errors as well as forcing better
procedures. Any initrument with a built-in com-
puter interface now used for making measurements
on materials would be & good candidate This
would i1nclude balances, profilometers, NOAR instru-
meats, micrometers, and liquid lavel meters

A user-friendly irterface will greatly facili-
tate user acceptance of the finished system and
improve the quality of the data. Ultimately, 1t
w''| determine the success of the system. The
1 rface takes into account ergunomic issues such
as scresn content and daesign, praefilling of forms,
avoldingy redundant and inconsequential 1nforma-
tion, security, convenient 1rput and output de-
vices, and on-lina instrumentation.

TESTBED CONFIGURATION

Hardware

The basic hardware configuration 13 shown In
Fig 1 [t has an [BM PC/XT at thae lower lovel
interfaced with a balance and barcode reader i1n A
ylove box, & mouse, & voice micruphone, and
keyboard This machine typifies a data entry tur
minal for entering dcta manually or thnrough on
l{ine i1nstrumertation The opsrator will interat
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Fig. 1. Basic hardware configuration.

with the system normally through the keyboard,
though alternative input can be by means of the
mous@ or volice microphone. At appropriate points
in the program, the balance and barcode reader
can be interrogated by the program for automatic
machine entry of measurement data. The machine
labeled 'Local Node' represents the principal
machina for a building wing or control balance
area. This machine will post transactions for
all activity within its area but will oass through
to the central computer all transactions between
this area and any other area. Tha machine labeled
'Central Computer' 1s the main machine that does
final and official posting of all transactions,
performs the major maintenance functions on the
database, and prepares all reports. The box
labeled 'Dumb Terminal' repreosents & terminal
attached to the local noda for manual entry of
data. The open des.gn allows considerable freedom
to configure as required by any given facility. A
number of local nodes can be added to the central
computer, and a numbaer of data-entry terminals
may be added to each local node.

Softars

The purpnse of a testbed is to test various
cunfigurations. With this in mind, we have in-
stalled two of the most popular oparating systems
for comparison purposes, DOS and XENIX. XENIX,
from Santa Cruz Operations, Inc. (SCO), is a mul-
titasking and multiuser system. Since DOS 13 a
single-user system, it was supplemented with lay-
ered producte called Multilink and Lanlink from
The Software Link, Inc A multitasking and multi -
user extended operating system greatly simplifies
the application programming task. These necessary
functions are provided by the supplements to the
COS operating system.

Tre application program is called PC/DYMAC,
which stands for PC DYnamic Material ACcounting,
& nuclear materials accounting package developed

by Robert Bearse. a consultant to Los Alamos. in
cooperation with Argonna National Laboratory -West
(ANL-W) 1n Idaho Falls. % The project, directed
and funded by the Los Alamos Nat:ional Laboratury
research and development program. was based on
the PF/LASS system developed at Los Alamos by Nick
Roberts, Ferman Kelso, et al for the Plutonium
Facllity at TA-55 It was written in dBASE III
PLUS, from Ashton-Tate, and compiled with Clipper.
from Nantucket With the installation of XENIX
1t 1s being converted to FoxBASE+, from Fox Soft-
ware. The SCO version of FoxBASE+ is a multiuser
system operating wunder XENIX that provides the
additional file and record locking facilities

PRESENT STATUS

All the hardware has bgen installed as shown
in Fig. 1. We are in the process of replacing the
PC/AT Central Computer with an IBM PS/2 mode! 80
for improved performance. This configuration will
be used in a full-system test for the ANL-W
project. Two additional local nodes will alsc be
added for the final test. The on-line instrumen-—
tation with the data-entry terminal will not be
used in this particular test. All data will be
entered at the local node lev~l.

The balance being used is a Precisa model
35100 from Pag Oerlikon Ag, and the voice system
it the Vocalink model SRB from Interstate Voice
Products. D[ata from the balance are read directly
from the built—-in computer intarface with a Basic
program. Data from the Vocalink microphone are
injected via the keyboard port. A PC board is
used to handle the vocabularias and voice tem
plates, with the resulting code passed through to
the computer in keyboard emulation.

Each of the upper-two-level computers is cor-
figured with a split disk, part DOS and part
XENIX, whereas the lower-level computer i3
strictly D0OS. Communication between the lower-
level DOS system and the upper-level local noce
under XENIX has not yat been aestablished. This
will require very modular programming with minimal
interfaces between the diffarent procasses.

Thaese machines have been configured with hard
disks—primarily for convenience in program devel-
opment In an actual installacion, these hard
di13ks could be replaced with random access memoury
1f security required sanitizing at the end of the
day when unattended This 13 one of the conven-
iences of an open-ended system.

FUTURE DIRECTION

Present plans call for a complaete system under
XENIX un the upper-level machines and a data-
acquisition machine under DOS We will have the
capability to compare the efficiencies of multy
tasking under XENIX versus multitasking under
LANL ink We will be able to demounstrate tha .
vantages of on-line instrumentation and vuice 0
put when fully integrated with a data-entry pro
gram in a materials accounting system
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